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Microsatellite primers for the four Galápagos mockingbird
species (Mimus parvulus,Mimus macdonaldi,Mimus
melanotisandMimus trifasciatus)
Abstract
Nineteen di- and tetranucleotide and one trinucleotide microsatellite DNA markers were isolated from
the Galapagos mockingbird (Mimus parvulus) and tested for cross-species amplification in the other
three mockingbird species in the Galapagos. In addition, primers for two microsatellite loci previously
developed for Mimus polyglottos were redesigned to obtain shorter amplification fragments. The
number of alleles per locus and species ranged from 1 to 8, and expected heterozygosity varied from 0.0
to 0.809. These microsatellite markers will be useful to study levels of inbreeding in different island
populations.
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Abstract 
 
Nineteen di- and tetranucleotide and one trinucleotide microsatellite DNA markers 
were isolated from the Galápagos mockingbird (Mimus parvulus) and tested for 
cross-species amplification in the other three mockingbird species in the 
Galápagos. Additionally, primers for two microsatellite loci previously developed 
for Mimus polyglottos were redesigned to obtain shorter amplification fragments. 
The number of alleles per locus and species ranged from 1 to 8, and expected 
heterozygosity varied from 0.0 to 0.809. These microsatellite markers will be 
useful to study levels of inbreeding in different island populations. 
 
Four endemic, allopatric mockingbird species are recognised in Galápagos (Mimus 
parvulus, M. macdonaldi, M. trifasciatus and M. melanotis). After extinction on Floreana 
Island, M. trifasciatus today only occurs on two small satellite islands and is classified as 
“Critically Endangered”. To study levels of inbreeding, we designed a set of polymorphic 
microsatellite markers that showed similar peak intensity in all four species.  
A dinucleotide- and tetranucleotide-enriched library were established separately 
following the FIASCO protocol (Zane et al. 2002). DNA from four Mimus parvulus 
individuals (two from Santiago Island, one from Santa Fé and one from Rábida) was 
extracted with the QIAamp DNA Mini Kit (QIAGEN) and then pooled using the same 
amount of DNA per individual (12.5 ng/µl each). The pooled DNA was digested with 
MseI (New England Biolabs) and ligated to MseI-AFLP-adaptors. Restricted and ligated 
fragments were amplified during 20 PCR cycles (GeneAmp PCR System 9700, ABI) 
with MseI-adaptor-specific primers. DNA was then hybridized with a biotinylated (AC17) 
or tetratinylated (GATA8) probe respectively, selectively captured by magnetic beads (M-
280-streptavidin-coated Dynabeads, Dynal) and non-specific DNA removed by washing 
(DeWoody protocol; 
www.agriculture.purdue.edu/fnr/html/faculty/DeWoody/DeWoodyweb/pdfs/msatclngprtcl.
pdf). The DNA was separated from the bead-probe-complex by two denaturation steps 
before precipitation with sodium acetate and ethanol. Subsequently, it was re-amplified 
independently three times using MseI-adaptor primers using 30 PCR cycles. After 
pooling PCR products, they were cloned by TA cloning (Invitrogen). Plasmid DNA of 340 
colonies was purified (Wizard SV Plasmid DNA Purification System, Promega) and 
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sequenced on a 3730 DNA Analyser (ABI) using BigDye Terminator v3.1 (ABI) 
chemistry and Better Buffer (Web Scientific). Sequence alignment and editing was done 
in BIOEDIT (Hall 1999). 24 colonies contained dinucleotide, 12 tetranucleotide and 2 
trinucleotide repeats. Primer pairs were designed for 17 dinucleotide, 5 tetranucleotide 
and 1 trinucleotide clones with the aim of forming different groups for PCR multiplexing 
using PRIMER 3 (Rozen & Skaletsky 2000). Primers were designed to obtain short 
microsatellite products (< 200 bp) for later use in historical DNA samples (Wandeler et 
al. 2007). Normalized (20 ng/µl) DNA of 4 individuals from each species was used for 
initial screening for polymorphism with a M13-tailed primer method (Schuelke 2000). 
Fragment analyses were performed on a 3730 DNA Analyser using Gene-Scan-500 LIZ 
size standard (ABI) and GENEMAPPER v3.7 software (ABI). Only loci that amplified 
with similar intensity in all four species and that were polymorphic in at least one species 
were selected, resulting in a total of 20 microsatellite loci finally chosen and 
characterised in 20 individuals of each species. DNA was extracted following the 
manufacturer’s dried-blood-spots protocol using approx. 9 mm2 of dried blood (BioSprint 
96 DNA Blood Kit, QIAGEN). DNA concentrations were standardized at 20 ng/µl for 
further amplification (Quant-iT PicoGreen dsDNA Quantitation, Invitrogen). All 20 
microsatellites were amplified in four independent multiplex reactions (GeneAmp PCR 
System 9700, ABI; Panel A – D; Table 1) in a total volume of 5 µl, containing 2 µl 
Multiplex-PCR Master Mix (QIAGEN), 0.4 to 2 µM of each primer (Table 1) and 1 µl 
template DNA. Forward primers were labelled with FAM, AT565, AT550 or YYE 
modifications (Microsynth AG, Switzerland) and a pigtail (GTTTC) was added to the 
reverse primers (Brownstein et al. 1996). Amplification profiles were as follows: 95°C for 
15min, 28 cycles of 94°C for 30s, 58°C (Panels B&C) or 59°C (Panels A&D) for 90s and 
72 °C for 1min, and a final extension at 60°C for 30min. We also redesigned primers for 
2 markers developed in Mimus polyglottos (Hughes & Deloach 1997; MpAAT45_new 
and MpAAT83_new, Table 1) which were run in a separate Panel (E) under the same 
PCR conditions as Panels B and C.  
To sex mockingbirds we performed molecular sexing by amplifying the CHD-W and 
CHD-Z genes (Griffiths et al. 1998). Using the original P2 and P8 primers we redesigned 
primer pairs (5’-GAGRAAYTGTGCRAAACAGG-3’, 5’-PET-
GAGAYKGAGTCACTATCAGATCCAG-3’) to optimize amplification success. PCR 
conditions were the same as for Panels A-E, except that annealing temperature was 
60°C and primer concentrations were 1 µM, obtaining fragments of 258 and 301 bp.  
All individuals were successfully genotyped for the 22 loci. Between 1 and 8 alleles were 
detected in each species and observed and expected heterozygosities (GENALEX 6, 
Peakall & Smouse 2006) ranged from 0.0 to 1 and from 0.0 to 0.809, respectively (Table 
1). No significant gametic disequilibrium (GENEPOP on the web v3.4; Raymond & 
Rousset 1995) was detected in pair-wise comparisons across loci after Bonferroni-
correction for multiple comparisons (k=22, α=0.05), but two loci (Nes04, p=0.0003 and 
Nes17, p=0.0005) deviated significantly from Hardy-Weinberg proportions in M. 
parvulus. This can probably be explained by the presence of null alleles (estimated null 
allele frequencies: Nes04: 0.26, SE=0.09; Nes17: 0.23, SE=0.09; calculated using 
INEST’s IIM method; Chybicki & Burczyk 2009).  
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The microsatellite markers described here will be useful to study the effects of limited 
population size and isolation on genetic diversity in different mockingbird populations, as 
well as the consequences of inbreeding in the two endangered M. trifasciatus 
populations. 
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Table caption: 
 
Table 1 Characterization and summary statistics of 20 microsatellite loci 
genotyped in 20 individuals (100% amplification success) of each of the four 
mockingbird species (Mimus parvulus, M. macdonaldi, M. melanotis and M. 
trifasciatus) from Santiago, Española, San Cristóbal and Gardner-by-Floreana 
islands. Primer name, repeat motif, multiplex primer concentration, panel 
information of the sequenced clone, fragment size range and total number of 
alleles (NAT) are given alongside number of alleles (NA), observed (HO) and 
expected (HE) heterozygosity and GenBank Accession number. NA, HO and HE 
are given for each of the four species separately. Forward primers were modified 
with a fluorescent label (underscore) and reverse primers with a pigtail (lower 
case letters). MpAAT45_new and MpAAT83_new are redesigned primers 
developed on the northern mockingbird (Mimus polyglottos) by Hughes & 
Deloach (1997) to reduce fragment size. 
 
A significant deviation from Hardy-Weinberg proportion 
B repeats based on Mimus polyglottos sequences 
* reverse primer as published in Hughes & Deloach 1997 
